Background: In India, tuberculous meningitis (TBM) is still a major cause of neurological disabilities and death. Aim: To identify the clinical variables which predict the outcome in childhood TBM. Setting: Tertiary teaching hospital. Design: Prospective observational study. Materials and Methods: Thirty-six clinical variables were analyzed in 123 consecutive children with TBM admitted between May 2000 and August 2003. The outcome was assessed in terms of survival or death. Survival meant that the patient was discharged from hospital having made a complete recovery, or with disability. Results: Twenty-five (20%) children recovered completely, 70 (57%) survived with disability, and 28 (23%) died. Employing univariate analysis nine variables correlated with survival with disability outcome: presence of tonic motor posturing, cranial nerve palsy, focal neurological deficit, hypertonia, moderate to severe hydrocephalus, cerebral infarction on cranial CT, and requiring shunt surgery, and absence of extracranial tuberculosis and no antituberculousrelated hepatotoxicity; two variables correlated with fatal outcome: presence of deep coma (Glasgow coma scale score < 6), and absence of extrapyramidal movements. When logistic regression was applied only the presence of hypertonia (P = 0.012, d.f. = 1, OR 0.12, 95% CI 0.02-0.62) correlated with survival with disability outcome, and presence of deep coma (P = 0.030, d.f. = 1, OR 0.35, 95% CI 0.14-0.90) with fatal outcome. Conclusion: In children with TBM, the presence of hypertonia at admission is an independent predictor of neurological sequelae in survivors, and deep coma is an independent predictor of mortality.
However, most of the data were in the pre computed tomography (CT) scan era, [3] , [4] and also the treatment protocols were not uniform or were inadequate as per current recommendations.
[3]- [5] These studies by univariate analysis identified 14 clinical variables significantly associated with a poor outcome: (i) young age, [3] , [4] , [8] , [9] (ii) male sex, [9] (iii) prolonged duration of symptoms, [3] (iv) seizures, [5] (v) advanced stage of the disease, [3] , [4] , [6] [7] [8] [9] (vi) coma, [9] (vii) tonic motor posturing, [9] (viii) papilloedema, [9] (ix) cranial nerve palsy, [9] (x) focal neurological deficit, [9] (xi) hydrocephalus, [7] (xii) associated miliary TB, [3] (xiii) absence of extra-cranial TB, [5] and (xiv) requiring shunt surgery. [5] Only three studies in childhood TBM [4] , [5] , [9] have employed multivariate analysis to identify significant prognostic variables, and only one [9] was conducted prospectively. Multivariate analysis has identified seven 'independent clinical variables' which adversely affect the outcome, viz. (i) young age, [4] , [9] (ii) seizures, [5] (iii) advanced stage of disease, [4] , [9] (iv) tonic motor posturing, [9] (v) papilloedema, [9] (vi) focal neurological deficit, [9] and (vii) absence of extracranial TB. [5] The aim of the present study was to identify the clinical variables, which predict the outcome of TBM in children.
Materials and Methods

Patient enrolment
Children with TBM, aged between 1 month and 12 years admitted to our hospital were enrolled prospectively. The study was conducted over a period of 40 months, from May 2000 to August 2003. The patient sample was by necessity a convenience sample, and all patients who met the study criteria were included in the study. All patients had an informed consent form signed by their parents.
The diagnosis of TBM was based on the clinical case definition [ Table 1 ] devised by Doerr et al. [10] All children had comprehensive physical and neurologic examination at the time of admission. Cerebrospinal fluid (CSF) examination and cranial CT scan were done soon after admission in every child. A standardized data entry form was used to document demographic data, clinical symptoms and signs, laboratory findings, Mantoux test result, chest radiograph and ultrasound of the abdomen findings, CSF, and cranial CT scan findThe incidence of tuberculosis (TB) is on the increase worldwide.
[1] Between 1 and 2% of children with untreated extracranial TB develop tuberculous meningitis (TBM). [2] Several retrospective [3] - [6] and prospective [7] [8] [9] studies have been conducted to predict the outcome of TBM in childhood.
ings of each patient at presentation. Each patient was screened for human immunodeficiency virus (HIV) infection using the enzymelinked immunosorbent assay (ELISA) test. Pre and post-test counseling for HIV infection was offered to the parents. The ELISA kits met the minimum standards (sensitivity > 99%, specificity > 95%) as recommended by the World Health Organization (WHO). [11] The diagnosis of HIV infection was confirmed as per the WHO strategy II: when two ELISA tests based on different antigen preparations and/or different principles were positive. [12] Family members were screened for tuberculous infection.
Nutritional status of the child was assessed by the Wellcome classification. [13] The severity of the disease at admission was classified as per the Medical Research Council (MRC) guidelines: [14] Stage I (early) = conscious, nonspecific symptoms, and no neurological signs; Stage II (intermediate) = signs of meningeal irritation with slight or no clouding of sensorium, with or without minor neurological deficit (cranial nerve palsy or limb paresis); Stage III (advanced) = severe clouding of sensorium, convulsions, focal neurological deficit, and/or involuntary movements. The child's level of consciousness was assessed by Glasgow coma scale (GCS). [15] The degree and significance of hydrocephalus on the cranial CT scan was calculated by ventricular size index (VSI), a ratio of bifrontal diameter over the frontal horn diameter. [16] A VSI of 30-38% indicates mild hydrocephalus, 39-45% moderate hydrocephalus, and >45% severe hydrocephalus. [16] 
Management of cases
All children received standard antituberculous therapy (ATT) as recommended by the Indian Academy of Pediatrics: [17] isoniazid (5 mg/kg/day), rifampicin (10 mg/kg/day), pyrazinamide (25 mg/kg/ day), and ethambutol (20 mg/kg/day); other supportive measures (steroids, anticonvulsants, and mannitol) within 24-48 h of admission. Pyrazinamide and ethambutol were discontinued after 2 months, and isoniazid and rifampicin continued for another 4 months. Corticosteroids were administered during the first month, intravenous dexamethasone (0.6-1.2 mg/kg/day in three divided doses) for the first 7 days, followed by oral prednisolone (2 mg/kg/day in three divided doses) and then gradually tapered over a week. Children with mild to moderate hydrocephalus received acetazolamide (20 mg/kg/ day orally in three divided doses).
All the children who had neurological deterioration during the course of the hospital stay had repeated cranial CT. Children with moderate to severe hydrocephalus and neurologic deterioration received ventriculoperitoneal (VP) shunt. [18] When the CSF protein was more than 1 g/l, the child received initial external ventricular drainage using a chamber and later it was converted to VP shunt with the decrease in CSF protein. Liver function tests were done initially at a weekly interval to monitor ATT-related hepatotoxicity.
Outcome assessment
Survival or death was the outcome measure. Survival was further categorized into: (i) discharge with 'complete recovery' (no neurologic deficit), (ii) discharge with 'disability' (neurologic deficit).
Data analysis
The data were analyzed using the Statistical Package for Social Sciences, Version 11 for Windows (SPSS, Chicago, IL, USA). A univariate analysis was initially performed by the chi-square test to assess the relationship between the 36 variables and the three outcomes, viz. complete recovery, survival with disability, and death. Applying logistic regression to significant variables obtained in the univariate analysis, multivariate analysis was performed. Wherever appropriate the odds ratio (OR) was calculated and 95% confidence intervals (CI) were estimated around the OR. Statistical significance was considered as P value < 0.05. The power of analysis for the present study was 80%.
Results
One hundred and twenty-three children were studied [ Table  2 ]. The mean age was 3.1 years (range 3 months-12 years; ±SD 2.7 years). Almost one-third of the children were malnourished: 34 had marasmus, 3 had kwashiorkor, and 1 had marasmic-kwashiorkor. Three-fourth of the children had extracranial TB: with pulmonary involvement in 87 (71%), lymphadenopathy in 35 (28%), and abdominal involvement in 34 (28%). Forty-one (33%) children had cranial nerve palsy: 34 had facial palsy, 20 had abducens palsy, and four had oculomotor palsy. At admission, 5 (4%) children had Stage I disease, 12 (10%) had Stage II disease, and 106 (86%) had Stage III disease.
Cerebrospinal fluid examination was abnormal in all the children. Cellular response was lymphocytic predominance in 98 (80%) children. The means (range) of CSF cell count, protein, and glucose were 254 (8-8200) cells/mm 3 , 1.6 (0.2-8.4) g/l, and 0.43 (0.1-1.5) g/l, respectively. Admission cranial CT scan was abnormal in 121 (98%) children and the hydrocephalus was the common abnormal finding in 103 (84%) children, mild in 46 (37%), moderate in 45 (37%), and severe in 12 (10%). Sixty-nine (56%) children required shunt surgery. In three (2%) children, ATT-induced hepatitis necessitated modified drug regimens.
Of the 123 children studied, 25 (20%) made complete recovery ( On univariate analysis, nine variables were found to be the survived with disability and only one patient made a complete recovery. Of the 93 (76%) who survived without developing ATT-induced hepatotoxicity, 70 survived with disability and only 23 made a complete recovery [ Table 2 ]. When multivariate analysis was done using logistic regression analysis [ Table 3 ], no variable proved to be independently associated with good outcome 'complete recovery' and only the presence of hypertonia at presentation (P = 0.012, d.f. = 1, OR 0.12, 95% CI 0.02-0.62) was found to be independently associated with the outcome, 'survival with disability.' Univariate analysis identified two variables to be associated with a fatal outcome: presence of deep coma (P = 0.018, d.f. = 1), and absence of extrapyramidal movements (P = 0.031, d.f. = 1) at presentation. Of the 109 (89%) children who did not have extrapyramidal movements at presentation, 28 died and 81 survived, of which, 23 made a complete recovery and 58 survived with disability [ Table 2 ]. On multivariate analysis [ Table 3 ], only the presence of deep coma (P = 0.030, d.f. = 1, OR 0.35, 95% CI 0.14-0.90) proved to be independently associated with fatal outcome.
Discussion
Ours is probably the first study where clinical variables that predict complete recovery, survival with disability, and fatal outcome have been identified separately. In other studies [3] - [9] both death and survival with moderate to severe disability were included in the poor outcome group. In the present study, 57% of the children survived with neurologic sequelae and 23% died. The reported incidence of neurologic disability in other studies [3] - [9] varied between 32 and 56%. The reported mortality ranged from 7 to 38%. When compared to the other prospective study of TBM in childhood, [9] our study had a higher number of patients (123 vs 50) and we analyzed more variables (36 vs 24) .
Some of the variables found to be associated with 'survival with disability' on univariate analysis in our study, like hypertonia at the time of presentation, presence of cerebral infarction on CT, and no ATT-induced hepatotoxicity, have not been reported in the earlier studies on childhood TBM, [3] - [9] Cerebral infarction occurs in 14-38% of children with TBM, most commonly from the involvement of medial striate and thalamoperforating arteries. [19] , [20] This probably explains the associated disability seen in survivors. We have no proper explanation for why the absence of ATT-induced hepatotoxicity was associated with an outcome, 'survival with disability' and also absence of extrapyramidal movement disorders was associated with a fatal outcome. These aspects need detailed studies.
The results of univariate analysis do not adjust for the effect of covariates and therefore have obvious limitations. In the present study, multivariate analysis demonstrated that hypertonia at admission was the only independent predictor of the outcome 'survival with disability' and deep coma with a fatal outcome. When the power of the study was rechecked for these two significant variables, it was 76.4% for hypertonia as a predictor of the outcome 'survival with disability' and 86.9% for deep coma as predictor of fatal outcome. These precise findings have not been reported in earlier studies.
[4], [5] , [9] The strengths of the present study are that: (i) it was a prospective study including 123 children, (ii) patient population received uniform treatment protocols, and (iii) a large number of variables were analyzed for significance. However, the present study has its limitations. First, the diagnosis of TBM was based on clinical criteria and not on microbiological confirmation. Although definitive diagnosis of TBM depends on the detection of the tubercle bacilli in the CSF, either by smear examination or by bacterial culture; smears are usually positive in fewer than 10% of cases of TBM, while culture for Mycobacterium tuberculosis takes up to 8 weeks and also often negative.
[18], [21] Most studies on outcome in childhood TBM have similarly diagnosed patients predominantly on clinical criteria.
[3]- [7] , [9] Second, the neurological outcome in children who survived was assessed purely on clinical examination at the time of discharge. We did not perform formal intelligence quotient or audiological evaluations. Third, since follow up after discharge from hospital is generally poor in our setting, we could not document the outcome after completion of ATT.
In conclusion, the present study documents that TBM continues to be a serious childhood illness with a high neurologic morbidity and mortality. We report that in children with TBM on admission to hospital the presence of hypertonia is an independent predictor of neurological sequelae in survivors, and the presence of deep coma is an independent predictor of mortality. Additional prospective studies employing multivariate analysis are required to determine the generalization of our findings.
cases of childhood tuberculous hydrocephalus are communicating and respond well to medical treatment (antituberculosis drugs and diuretics). Progressive tuberculous periarteritis, however, almost invariably results in infarction of the basal ganglia, the clinical correlates of which are focal abnormalities of power, tone, and/or abnormal movements. Brainstem microinfarcts, although rarely demonstrated by CT, are a common autopsy finding in advanced TBM and present clinically with deep coma and decerebration.
The present study prospectively assessed an impressive array of clinical features in a large cohort of childhood TBM patients with regard to the clinical outcome. These features were separately evaluated for neurological handicap and death by both univariate and multivariate analyses. A significant number of variables correlated independently with these outcomes with regard to prognosis. However, on multivariate analysis only hypertonia featured as a prognostic indicator for neurological handicap and only deep coma for death. We agree with the authors that these findings most likely relate to vasculitis and infarction since most patients in this study had stage 3 TBM.
The results of this study re-emphasize the need for early diagnosis of this devastating disease.
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